Sesamin, a major lignan in sesame seeds, has multiple functions such as cholesterol-lowering and anti-hypertensive activities. To investigate the effect of sesamin on gene expression in the liver, a DNA microarray analysis was carried out. The ingestion of sesamin dissolved in olive oil up-regulated the expression of 38 genes, 16 of which encode proteins possessing a lipid-metabolizing function, and 16 of which encode proteins possessing a xenobiotic/endogenous substance metabolizing function. In particular, sesamin significantly increased the expression of -oxidation-associated enzymes in peroxisomes and auxiliary enzymes required for degradation, via the -oxidation pathway, of unsaturated fatty acids in mitochondria. The ingestion of sesamin also resulted in an increase in the gene expression of acyl-CoA thioesterase involved in acyl-CoA hydrolase and verylong-chain acyl-CoA thioesterase. Interestingly, it induced the expression of the gene for aldehyde dehydrogenase, an alcohol-metabolizing enzyme. These results suggest that sesamin regulates the metabolism of lipids, xenobiotics, and alcohol at the mRNA level.
Lignans comprise a large group of natural products characterized by the coupling of two p-hydroxyphenylpropane (C 6 C 3 ) units. Sesame seed contains many lignans including sesaminol, sesamolin and sesamin. Sesamin is the first of these compounds to have been identified as a natural inhibitor of Á 5 -desaturase which catalyzes the conversion of dihomo--linolenic acid to arachidonic acid in both microorganisms and animals. 1, 2) Sesamin is also known to be resistant to oxidation, 3) though it has no antioxidative activity in vitro. 4) Sesamin can be absorbed from the intestines and reaches the liver via the portal vein where it is metabolized to catechol derivatives prior to being secreted as glucuronic acid conjugates into bile (unpublished data). A recent paper 5) has shown that catechol metabolites from sesamin exerted strong antioxidative activity on the liver, suggesting a beneficial physiological role for ingested sesamin in the body. 6, 7) Previous studies have revealed that sesamin has pluripotent pharmacological functions, including cholesterol-lowering, [8] [9] [10] [11] anti-hypertensive, [12] [13] [14] anti-cancer 15) and lipid-lowering 8, 10, 15) activities. The cholesterol-lowering activity of sesamin inhibits the micellar solubility of cholesterol, and the activity of HMG-CoA reductase as the rate-limiting enzyme of cholesterol synthesis in liver microsomes. 8) Dietary sesamin also efficiently suppresses the sequential development of hypertension, cardiovascular hypertrophy and renal damage in various experimental models of hypertension [12] [13] [14] by inhibiting enhanced vascular O 2 À production. 16 ) Therefore, the anti-oxidative action of sesamin could contribute to its anti-hypertensive activity. It has been demonstrated that sesamin induces hepatic fatty acid oxidation in rat liver through a mechanism involving the peroxisome proliferator-activated receptor (PPAR), a member of the nuclear receptor superfamily. 10) Sesamin reportedly decreased fatty acid synthesis in rat liver accompanying the down-regulation of sterol regulatory element binding protein-1 (SREBP-1). 17) Dietary sesamin also enhanced -oxidation-associated enzyme activities and reduced hepatic arachidonic and eicosapentaenoic acid concentrations through degradation. 18) y To whom correspondence should be addressed. Tel: +81-75-962-2292; Fax: +81-75-962-1690; E-mail: Nobuo Tsuruoka@suntory.co.jp Abbreviations: CoA, coenzyme A; HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme A; SREBP-1, sterol regulatory element binding protein-1; DOCA, deoxycorticosterone; PPAR, peroxisome proliferator-activated receptor; ADH, alcohol dehydrogenase; ALDH, aldehyde dehydrogenase; MEOS, microsomal ethanol oxidizing system; EST, expressed sequence tag; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ACS, acyl-CoA synthetase; CPT, carnitine palmitoyltransferase; RT-PCR, reverse transcription-polymerase chain reaction; PPRE, peroxisome proliferator response element It is known that liver injury occurs from excess consumption of alcohol and the resulting accumulation of fat in the liver. When mice were placed under an ethanol atmosphere for 1 week, the serum GOT and GPT values were greatly increased, but sesamin prevented an increase in either enzyme activity. 7) These results indicate that sesamin had a protective effect on ethanol-induced liver damage. In general, the main pathway for ethanol oxidation involves hepatic alcohol dehydrogenase (ADH), a cytosolic enzyme that catalyzes the transformation of ethanol into acetaldehyde, which is in turn converted to acetic acid through aldehyde dehydrogenase (ALDH). Ethanol can also be metabolized by peroxisomal catalase and an alcoholinducible isoform of cytochrome P450, CYP2E1, in the microsomal ethanol-oxidizing system (MEOS). 19) Despite this, no information is available about whether or not the ingestion of sesamin can affect the gene expression of alcohol-metabolizing enzymes.
The DNA microarray technique has become a powerful tool for large-scale and genome-wide analyses of genetic variation and gene expression patterns. We therefore used a DNA microarray containing approximately 8,000 known genes and expressed sequence tags (ESTs) to investigate the change of gene expression in rats given sesamin. We report here that sesamin influenced the expression of various genes for enzymes, including the lipid-and alcohol-metabolizing enzymes, especially acyl-CoA thioesterase and aldehyde dehydrogenase.
Materials and Methods
Chemicals. Olive oil was purchased from Nacalai tesque (Kyoto, Japan). A mixture of sesamin and episesamin (51.1:48.2, w/w) was prepared from refined sesame oil and purified as previously described.
3) This mixture was partially epimerized to episesamin during acid-clay bleaching in the oil-refining process. A commercial sesamin preparation therefore usually contains almost equimolar amounts of sesamin and episesamin.
Animals. Male Wistar rats, 8 weeks old, were purchased from CLEA Japan, Inc. (Tokyo, Japan). The rats were provided with a commercial diet (type NMF, Oriental Yeast Co., Tokyo, Japan) and water ad libitum under conventional conditions of controlled temperature, humidity and lighting (23 AE 2 C, 55 AE 5% and a 12-h light/dark cycle with lights on at 07:00). These rats were acclimatized to the conditions for at least 1 week before the experiment. The rats were divided into two groups of five each and orally given sesamin (250 mg/ 5 ml of olive oil/kg body weight) as a test sample or a vehicle (5 ml/kg of olive oil) as a control for 3 days. At 4 h after the final ingestion, the rats were anesthetized with diethyl ether and sacrificed. Experiments were performed according to the Guidelines for the Care and Use of Experimental Animals of the Japanese Association for Laboratory Animals.
Preparation of microsomal samples. Approximately 8 g of the liver from each animal was homogenized by a device from As One Corporation (Osaka, Japan) in a four-fold volume of a buffer (20 mmol/l Tris/HCl buffer (pH 7.4) containing 0.25 mol/l sucrose and 0.5 mmol/l EGTA). The resulting homogenate was kept at 4 C and then centrifuged at 8,500 g for 10 min to remove the mitochondria, nuclei and cell debris. The supernatant was centrifuged at 100,000 g for 60 min at 4 C, and a microsomal pellet was collected. The microsomal pellet was resuspended in the same buffer. 20) The amounts of microsomal proteins were determined by the Bradford method, 21) using bovine serum albumin as a standard.
Enzyme assay. The NADPH-cytochrome P450 reductase activity of the microsomal fractions was spectrophotometrically determined by measuring the rate of NADPH-cytochrome c reduction as previously described. 20) Briefly, 0.01 ml of a microsomal sample, 1.1 ml of a 0.1 mol/l phosphate buffer (pH 7.6), 0.2 ml of 15 mmol/l KCN and 1 ml of 125 mmol/l equine heart cytochrome c (Sigma C7752, Sigma Chemical Co., St Louis, MO, U.S.A.) were mixed, and then 1 ml each of the mixture was added to two 1-ml cuvettes. A 40-ml amount of 10 mmol/l of NADPH (Oriental Yeast) or buffer was then added, and each cuvette was scanned at 550 nm for 30 sec with a spectrophotometer (UV-2550, SHIMADZU Corporation, Kyoto, Japan).
DNA microarray analysis. Total RNA was extracted from the liver of each rat by using ISOGEN (Nippon Gene Co., Ltd., Toyama, Japan), and purified with an RNeasy mini kit (Qiagen K.K., Tokyo, Japan). The quality and quantity of total RNA was checked by agarose gel electrophoresis and spectrophotometry. We selected three rats in each group based on the NADPHcytochrome P450 reductase activity, and performed a microarray analysis according to the manufacturer's instructions (Affymetrix, Santa Clara, CA, U.S.A.) as described previously. 22) Briefly, 10 mg of purified total RNA was used to synthesize cDNA. Biotinylated cRNA was transcribed from the cDNA by T7 RNA polymerase, fragmented, and added to the Affymetrix Rat Genome U34A array (containing probes for over 8,000 rat genes) as described in the manual from Affymetrix. After hybridization at 45 C for 16 h, the array was washed and labeled with phycoerythrin. The fluorescence signals were scanned by an Affymetrix GeneChip System. . The primers and probes specific for rat glyceraldehyde-3-phosphate dehydrogenase (GAPDH, accession number M17701), acyl-CoA oxidase (accession number J02752), bifunctional enzyme (accession number K03249) and trifunctional enzyme alpha-subunit (accession number D16478) were purchased from Applied Biosystems Japan. During this study, the transcription of housekeeping genes, including GAPDH, -actin and -tubulin, remained unchanged. Therefore, the GAPDH gene was chosen as an internal standard for real-time PCR. Reverse transcription of 1 mg of total RNA was carried out in a 20-ml reaction mixture, using a SuperScript II kit (Invitrogen Japan). The universal master mix (Applied Biosystems Japan) containing the PCR buffer, MgCl 2 , dNTPs, and thermal stable AmpliTaq Gold DNA polymerase was used in the reactions. In addition, the PCR mixture contained forward and reverse primers at 100 nmol/l, 100 nmol/l of TaqMan probe, and 1 ml of RT product. RNase/DNase-free water was added to the master mix to set a final volume at 50 ml per reaction. The reaction mixture was transferred to a MicroAmp optical 96-well reaction plate, incubated at 95 C for 10 min to activate the AmpliTaq Gold DNA polymerase, and then run for 40 cycles at 95 C for 15 s and 60 C for 60 s in the ABI PRISM 7000 Sequence Detection System. Real-time detection of the accumulation of PCR products was monitored by using the increase in fluorescence of the FAM (carboxyfluorescein) dye on the basis of TaqMan technology with minor groove binder (MGB) probes. The PCR results were analyzed with ABI SDS software (Applied Biosystems Japan). The relative expression levels of these genes in each sample were determined by using a calibration curve of serial dilutions of RT-PCR product samples. One microliter of cDNA was used to prepare the standard sample by using Ex Taq (TAKARA BIO Inc. Kyoto, Japan) and the RT-PCR products were cleaned up with a microcon YM-30 instrument (Millipore, Billerica, MA, U.S.A.). The average expression level relative to the control group was determined after normalization to the amount of GAPDH present in each sample. All experiments were triplicated.
Statistical methods. The results of the enzyme activities and real-time PCR are presented as the mean AE SD. The significance of differences in the mean values was evaluated by using Student's t-test at
The scanning data were analyzed by Affymetrix software (Microarray Suite 5.0), and the average value of each experiment was scaled to 100 in order to compare directly any of the experimental data. All scaled array data were exported as Microsoft Excel files and evaluated by using Student's t-test. Fold data were calculated from the average ratio of the signal values of sesamin-fed rats to those of control rats. A gene was considered to have been up-regulated if all signal values of the sesamin-diet group were more than 50, the average increase was more than 2-fold, and the difference had a p-value < 0.05. A gene was considered to have been down-regulated if all signal values of the control group were more than 50, the average decrease was less than 0.5-fold, and difference had a p-value <0:05.
Results
Change in hepatic enzyme activities in response to sesamin Five rats were each given 250 mg of sesamin/5 ml of olive oil/kg of body weight (the sesamin group) and the others were each given 5 ml of olive oil/kg of body weight (the control group) for 3 days. Four hours after the final ingestion, the liver of each animals was isolated and homogenized. The average liver weight of the sesamin group was significantly higher than that of the control group (12:7 AE 0:38 g versus 11:5 AE 0:32 g, p < 0:05). We next measured the NADPH-cytochrome P450 reductase activity in the microsomal fraction, because this enzyme is thought to play an important role in the initial metabolism of a wide range of foreign lipophilic compounds. The enzyme activity was higher increased in the sesamin group (108:4 AE 10:42 nmol/ min/ml) than in the control group (80:2 AE 6:02 nmol/ min/ml) (p < 0:05). We then selected three test rats, S1, S3 and S4, and three control rats, C2, C4 and C5, for the DNA microarray analysis these being evaluated as average animals in the sesamin and control groups, respectively (Fig. 1) .
DNA microarray-based observations on the change in gene expression after ingesting sesamin
We systematically investigated the change in gene expression of the livers of rats given sesamin or the vehicle for 3 days by using the DNA microarray analysis. The expression profiles of over 8,000 probe sets, including ESTs, were compared between the sesamin and control groups. More than one-third of the genes (3,203 genes) were detected as ''Present'' in all rats, while approximately half of the genes (4,023 genes) were judged as ''Absent'' in all rats. We first identified those genes whose expression was increased by >2 fold (Table 1) or decreased by <0:5 fold (Table 2 ). All the genes listed are color-coded into several classes and an unknown group. The livers of the rats given sesamin showed that 38 transcripts were up-regulated and 8 down-regulated with a significant change (p < 0:05). Of the up-regulated changes, 16 correspond to 12 genes encoding proteins possessing a lipid-metabolizing function, and 16 correspond to 8 genes encoding proteins possessing a xenobiotic/endogenous substance-metabolizing function; these proteins include aldehyde dehydrogenase, epoxide hydrolase, carboxylesterase, glutathione S-transferase and the CYP family (CYP2B1, 2B2 and 4A1). Cytochrome P450-dependent monooxygenase is the primary enzyme system involved in the metabolism of such endogenous substrates as fatty acids and steroid hormones, and in the metabolism of many xenobiotics including drugs, carcinogens and environmental pollutants. 23) On the other hand, the downregulated genes include 8 genes such as those for L-type pyruvate kinase, thyroid hormone-responsive protein and apolipoprotein A-IV. These three down-regulated genes also encode proteins possessing a lipid-metabolizing function.
DNA microarray-based observations on the change in gene expression of the lipid-metabolizing enzymes after ingesting sesamin
Since Table 1 suggests that sesamin influenced the lipid metabolism, we extracted the genes for the lipidmetabolizing enzymes listed in Table 3 . The -oxidation of fatty acids is tentatively divided into the early and late stages. The early stage of -oxidation occurs in the organella membrane, and the late stage in the organella itself. Long-chain acyl-CoA synthetase (ACS) 5 is the only ACS identified to date as a factor located on the mitochondrial outer membrane. 24) Carnitine palmitoyltransferase (CPT) I and CPT II are located in the outer and inner mitochondrial membrane, respectively. 25) Therefore, these enzymes are classifiable as early-stage enzymes of -oxidation in mitochondria. The gene expression of ACS5 was slightly decreased and that of very long-chain ACS was unchanged. The transcript levels of muscle-type CPT I, CPT I-like protein and CPT II were slightly increased. These results suggest that the ingestion of sesamin had no appreciable influence on the gene expression of the early-stage enzymes foroxidation. The gene expression of ACS1 and ACS4 was unchanged. ACS catalyzes the ligation of fatty acids with CoA to produce acyl-CoAs. Five long-chain ACS isoforms of rat origin have so far been cloned, [26] [27] [28] [29] [30] which differed from one another in the tissue distribution of their mRNA and in their substrate preference. ACS2 and ACS3 mRNAs are abundantly expressed in the brain, but not in the liver, while ACS1, ACS2 and ACS5 are all expressed in the liver. 31) Consequently, the gene expression of ACS1, ACS4 and ACS5 was not changed in the liver of rats given sesamin with any biological significance.
Among the late-stage enzymes for -oxidation in mitochondria, the mitochondrial trifunctional enzyme showed slightly increased gene expression. This trifunctional enzyme possessing long-chain enoyl-CoA hydratase, 3-hydroxyacyl-CoA dehydrogenase and long-chain 3-ketoacyl-CoA thiolase activities is composed of two subunits ( and ) encoded by different genes. 32) On the other hand, the gene expression for peroxisomal enzymes as late-stage enzymes for -oxidation, including enoyl-CoA hydratase, enoyl-CoA hydratase/3-hydroxyacyl-CoA dehydrogenase (a bifunctional enzyme) and 3-ketoacyl-CoA thiolase, was significantly increased by 3-to 8-fold.
Furthermore, real-time PCR was carried out to confirm the up-regulation of the gene expression of the -oxidation enzymes resulting from sesamin ingestion. After total RNA had been prepared from each of the 5 rats of the sesamin and control groups, we determined the quantity of the transcripts for the -oxidation enzyme genes by real-time PCR with the TaqMan probe. The acyl-CoA oxidase, bifunctional enzyme and trifuctional enzyme mRNA levels in the sesamin group were significantly increased by 1.8-fold, 8.5-fold and 1.7-fold, respectively (Fig. 2) .
Acyl-CoA hydrolase/thioesterase belongs to a group of enzymes that catalyze the hydrolysis of acyl-CoAs to free fatty acids and CoA (CoASH), providing the potential to regulate the intracellular levels of acylCoAs, free fatty acids and CoASH. 33) In particular, the transcription levels of the genes encoding cytosolic acylCoA hydrolase (CTE-I 34) ) and mitochondrial very-longchain acyl-CoA thioesterase (MTE-I 35) ) were markedly increased (by more than 100-fold and 10-fold, respectively), although the transcript of CTE-I was ''Absent'' in the control rats. Therefore, the increase level of this gene transcript was not accurate.
The expression of genes encoding such lipogenic enzymes as L-type pyruvate kinase was down-regulated, Rats were given 250 mg of sesamin/5 ml of olive oil/kg of body weight (sesamin group) or given 5 ml of olive oil/kg of body weight (control group) for 3 days. Five rats were used in each group. At 4 h after the final ingestion, the livers were isolated and homogenized. We selected three control rats (C2, C4 and C5) and three sesamin rats (S1, S3 and S4) for the next experiment. There was a moderate level of activity in each group, and the activity levels of the selected rats are shown.
but the gene expression of malic enzymes was increased by 2.2 to 2.7-fold. Transcription of the gene encoding acetyl-CoA carboxylase, the first enzyme involved in fatty acid synthesis, was slightly decreased, while the gene expression of SREBP-1 was slightly decreased.
These results indicate that ingesting sesamin caused up-regulation of the gene expression for those enzymes involved in metabolizing lipids and xenobiotic/endogenous substances.
DNA microarray observations on changes in the gene expression of alcohol-metabolizing enzymes after ingesting sesamin
As already described, the ingestion of sesamin increased the gene expression of ALDH1A1 and ALDH1A7 (Table 2) . We next summarized the changes in gene expression of the alcohol-metabolizing enzymes (Table 4) . ADHs, ALDHs and CYP2E1 are listed as alcohol-metabolizing enzymes, these all being important enzymes involved in the biotransformation of both ethanol and acetaldehyde. Catalase and urate oxidase, which control the disposal of H 2 O 2 produced by fatty acid oxidation, are also listed. Multiple forms and gene loci of ADH and ALDH in the major pathway of alcohol metabolism have been found and characterized. 36) The transcription of the ALDH1A1 and ALDH1A7 genes was significantly increased in the sesamin-fed rats, but that of the ADH (ADH1, ADH4 and ADH7), CYP2E1, liver catalase and urate oxidase genes was unchanged.
Real-time PCR was also carried out to confirm the upregulation of ALDH gene expression caused by sesamin.
After total RNA had been prepared from each of the 5 rats of the sesamin and control groups, we determined the quantity of the transcripts for alcohol-metabolizing enzyme genes by real-time PCR with TaqMan probe. The ALDH1A1 and ALDH1A7 mRNA levels in the sesamin group were significantly increased by 2.5-fold and 4.1-fold, respectively (Fig. 3) , while the GAPDH, ADH1, ALDH2 and CYP2E1 mRNA levels showed no differences between groups.
Discussion
We investigated in this study the effect of sesamin on the change of gene expression profiles in rats given sesamin or a vehicle for 3 days. A DNA microarray Significant change in terms of up-and down-regulation are presented in red and green, respectively. *No.-fold indicates the average difference calculated from the log of the signal ratio.
analysis showed that 3,360 of 8,000 genes were expressed to a greater or lesser extent in rats of the sesamin-diet groups. When the properties of the genes expressed were analyzed, the ingestion of sesamin was found to influence the gene expression for various lipid-metabolizing enzymes involved in -oxidation and lipogenesis. The -oxidation of fatty acid is tentatively divided into the early and late stages. The early stage involves the synthesis of acyl-CoA by ACS and the conversion to acylcarnitine by CPT. This stage is necessary for theoxidation of long-chain fatty acids in mitochondria. The acyl-CoAs generated can enter numerous pathways, including those for the de novo synthesis of triacylglycerol and phospholipids, reacylation, -oxidation, and cholesterol and retinal esterification. 37) However, sesamin did not affect the gene expression for the early-stage enzymes, including very long-chain ACS, long-chain ACS 5, CPT I and CPT II. These results indicate that the -oxidation of long-chain and very long-chain fatty acids may not be promoted in mitochondria by the ingestion of sesamin. On the other hand, the gene expression of the Significant up-regulation is presented in red. *No.-fold data were calculated from the average ratio of values of sesamin-fed rats to those of control rats. **The accession number is the same as the above one, but the probe position for the gene is different in the rat genome U34A GeneChip. After total RNA had been prepared from 5 rats each of the sesamin and control groups, in vitro transcription was carried out. The transcription of rat Acyl-CoA oxidase (ACO), peroxisomal bifunctional enzyme (bi) and mitochondrial trifunctional enzyme (tri) was quantified by real-time PCR with the TaqMan probe. The housekeeping gene, GAPDH, was chosen for internal normalization. An asterisk indicates a difference from the control rats at p < 0:01.
late-stage enzymes for -oxidation was up-regulated by sesamin in both mitochondria and peroxisomes. Therefore, the long-chain and very long-chain fatty acids may be preferentially oxidized in the peroxisomes.
Sesamin strongly affected the gene expression of the acyl-CoA hydratase/acyl-CoA thioesterase family, including CTE-I and MTE-I which are respectively localized in the cytosol and mitochondria. CTE-I may therefore control the levels of acyl-CoA/free fatty acids in the cytosol through the hydrolysis of acyl-CoA to provide ligands of gene transcription for transfer via fatty acid-binding protein (FABP) to the nucleus. 33) MTE-I may prevent both the sequestration of intramitochondrial CoASH and the increase in the concentration of long-chain acylcarnitine, when the level of activity for mitochondrial -oxidation is high. 35) Interestingly, it has become evident that fatty acids can also act as the signaling molecules involved in regulating gene expression via PPAR. 38) Moreover, acyl-CoAs have been identified as antagonists for PPAR.
39) The generation of free fatty acids by the degradation of acylCoA might accelerate the -oxidation of fatty acids. However, this contradicts the notion that -oxidation starts from fatty acid acyl-CoA. Acyl-CoA thioesterase is highly regulated by PPARs and other nutritional factors. This has led us to the conclusion that it is involved in lipid metabolism. The only established function of acyl-CoA thioesterase is to terminate fatty acid synthesis. 32) Sesamin may control the balance between the synthesis and degradation of acyl-CoA and be involved in the regulation of acyl-CoA generation.
It has recently been reported that dietary sesamin given in various amounts (0.1%, 0.2% and 0.5%) dosedependently increased the gene expression of the hepatic -oxidation enzymes 10) and decreased fatty acid synthesis in rat liver through the down-regulation of SREBP-1. 17) Our results on the magnitude of the response to the oral administration of sesamin are consistent with the data obtained at a 0.1-0.2% dietary sesamin levels, except for the peroxisomal 3-ketoacylCoA thiolase gene expression.
10) The gene expression of this enzyme was greatly increased by the ingestion of sesamin, while the gene expression of SREBP-1 was slightly decreased; the reasons for these discrepancies remain to be clarified. Peroxisome proliferation, which can be triggered in rodents but not in humans, corresponds to an increase in the volume density of peroxisomes and in the peroxisomal fatty acidoxidation activity through a PPAR-dependent mechanism. 40) The liver weight of the sesamin group was found to be significantly increased compared with that of the control group, and up-regulation of the peroxisomal membrane protein gene was observed in this study. Just as the activity of NADPH-cytochrome P450 reductase increased in the sesamin group (Fig. 1) , so too the gene expression of this enzyme increased by approximately 1.4-fold (data not shown). These results suggest a correlation between the expression of the genes and the formation of gene products.
The transcription of the ALDH1A1 and ALDH1A7 genes was increased, whereas sesamin had no influence on the gene expression of other alcohol-metabolizing enzymes in this study. Acetaldehyde is mainly metabolized to acetic acid by two major isoforms designated cytosolic ALDH1 and mitochondrial ALDH2. A catalytic deficiency of the ALDH2 isozyme is responsible for flushing and other vasomotor symptoms caused by higher acetaldehyde levels after alcohol intake. 36) The Km values of ALDH1 and ALDH2 are approximately 30 mM and 3 mM, respectively. 36) ALDH1 plays an important role in the metabolism of acetaldehyde. Rat liver contains two class 1 aldehyde dehydrogenases (ALDH1A1 and ALDH1A7), 41) and the ingestion of sesamin significantly increased the gene expression of both enzymes. Therefore, the protective effect of sesamin on ethanol-induced liver damage 7) is likely to be caused by up-regulation of the genes encoding both these class 1 aldehyde dehydrogenases.
Naringin, a citrus bioflavonoid, has recentlt been found to increase the enzyme activities of both ADH and ALDH in alcohol-fed rats. 42) It is also known to have anti-oxidative activity, 43) although the mechanism for its alcohol-metabolizing effect is unclear. The human ALDH2 promoter contains a nuclear receptor response element that is bound with similar apparent affinity by the three PPAR isoforms in vitro. However, this site does not constitute a PPAR-response element. 44) A functional analysis of the promoter region of the rat ALDH family has not yet been conducted fully. It is unclear whether or not the increase in the transcription of the rat ALDH1A1 and ALDH1A7 genes caused by sesamin was through a PPAR-dependent mechanism, and further study is needed to clarify this point.
In conclusion, the use of a DNA microarray technique disclosed the up-regulation of a number of genes for lipid-metabolizing enzymes resulting from the ingestion of sesamin. These results add another dimension to our understanding of the mechanisms of action of sesamin in the liver. We also obtained evidence for the metabolism of alcohol by sesamin through up-regulation of the gene expression of aldehyde dehydrogenase.
